Cerebral vascular disease, according to the results of arteriography, may be caused by extracranial arterial lesions in one third of the cases. Observations in 174 cases are described. The results of surgical treatment in 63 patients are presented and evaluated on the basis of restoration of circulation, clinical improvement, and survival. The implications regarding diagnosis and indications and contraindications for surgery are discussed.
IT IS now well established that cerebral arterial insufficiency may often be caused by atheromatous occlusive lesions located in the extracranial portions of the arteries supplying the brain. '-13 Although its incidence has not been accurately determined, more extensive application of arteriography in the study of Fortunately, these lesions are well localized, with the artery being relatively normal both proximal and distal to the occlusion, particularly in the early stages of the disease. These pathologic features of the lesion have led to the application of certain operative procedures that have proved effective in the treatment of similar lesions occurring elsewhere, namely, the aorta, and the iliac, femoral, and popliteal arteries 3 5-7, 11, 13, 14 The well-localized lesion may be removed by endarterectomy. In other iiistances when the lesion is more extensive, the occlusion may be bypassed with a graft.
Following the successful application of this direct surgical approach in a patient with occlusion of the left carotid artery on August 7, 1953 , we have employed this form of therapy in the treatment of 88 lesions occurring in patients with cerebral arterial insufficiency, and this report is concerned with an analysis of these cases.
CLINICAL MATERIAL Arteriographic studies were performed in 174 consecutive patients with the clinical manifestations of isehemia of the brain or upper extremity. Extracranial arterial occlusion was demonstrated in 73 patients (42 per cent). Operation was em- ployed in the treatment of 63 of these patients, and those cases form the basis of this study. The remaining 10 patients are excluded because they had complete occlusion of the internal carotid artery of long duration, which extended well into the intracranial portions of the artery. In the light of experience obtained early, these cases were considered inoperable on the basis of the arteriographic findings. 
CLINICAL MANIFESTATIONS
The ages of these patients ranged from 24 to 71 years, with the highest incidence in the fifth, sixth, and seventh decades. There were 50 men and 13 women in this series of patients. There was no particular correlation between age and sex incidence and the location of the lesion, except that the younger patients had occlusions of the great vessels arising on the aortic arch, and 6 (49 per cent) of the 13 women in this series had lesions at this level. The with unilateral carotid compression, and alterations in the carotid and subelavian pulses was highly suggestive of extracranial arterial occlusion; however, because of the inconsistency of these findings in patients with extracranial lesions, the precise location and extent of the occlusion were determined by special examination. Several types of examination have been employed for this purpose, namely, electroencephalography, ophthalmodynamometry, and arteriography. Abnormal electroencephalographic patterns were observed in patients with extraeranial occlusions who had persistent neurologic deficits indicating residual brain damage. The findings in these cases were similar to those produced by intracranial occlusions and, consequently, were of little significance in the localization of the lesion. In many patients with extracranial arterial occlusions, abnormal electrical activity was produced by contralateral carotid artery compression or sudden elevation of the upper part of the body. Unfortunately, these changes were not produced in all patients with these lesions, and although highly significant when present, the precise location and extent of the lesion were not apparent from this examination.
Ophthalmodynamometry is an indirect method of measuring the retinal arterial blood pressure, which is dependent upon normal intra-ocular blood flow. Under normal circumstances, the major blood supply to the inside of the eye is derived from the ophthalmic artery, which is an intracranial branch of the internal carotid artery. A small part of the intra-ocular arterial blood flow under normal conditions is provided by the orbital branches of the internal maxillary artery, a major branch of the external carotid artery. The eye, therefore, has an extracranial and an intracranial source of arterial blood flow, both of which are amply connected by collateral channels. The external carotid artery is rarely involved by the occlusive process, and, in our experience, ocular arterial blood flow through these extracranial channels apparently increases as that in the intracranial segment decreases, not only providing normal ocular blood flow but significant collateral blood flow to the cerebrum through the ophthalmic artery. Consequent to the adequacy of this collateral blood flow to the eye, intraocular pressure is frequently normal in patients with extracranial arterial obstruction. For these reasons, this particular method of examination is not entirely reliable. Moreover, the precise location and extent of the lesion is never evident by this method alone.
Arteriography was the most important method of study in these cases. In fact, it was impossible to determine precisely the location and the extent of the lesion when located in the internal carotid and vertebral arteries by any other method. Although occlusion of the great vessels on the aortic arch could be determined on clinical grounds in many instances, arteriography was essential in some for precise determination of the location and extent of the lesions. The technics of arteriography vary according to the particular artery involved, and these are discussed sep- Severe cerebral arterial insufficiency manifested by coma and extensive paralysis was present before operation in 3 cases. These patients were submitted to emergency operation, and although circulation was restored in one or more of the occluded arteries, irreversible brain damage with extensive cerebral infarction had already occurred prior to operation and their fatal terminal course was not altered by operation. Death was due to myocardial infarction in 2 patients, 1 submitted to operation for gangrene of the fingers and the other for mental obtundity and recurrent convulsions. Death in the remaining case was due to hemorrhage resulting from infection and disruption of the suture line 10 days following operation.
The remaining 57 patients recovered from operation, and circulation was restored in one or more of the occluded vessels in 47 of the surviving patients. The functional response to treatment in these cases varied according to the location of the lesion and the condition of the patient before operation. as worse, 110 change, significant improvement, or completely well. Persistent residual paralysis (hemiparesis or monoparesis) occurring before operation was improved inl 'a cases and completely relieved in 8 patients. Progressive hemiplegia with aphasia of 18 hours' duration was completely relieved ill 1 l)atieilt. Residual monocular visual defects (scotoma) were improvecl iii 1 ease and eomipletely relieved iii 4 patients. homonymous hemianopsia was inproved inl 1 patient. Complete relief oc-(urred from other symptoms: aphasia ill 5. vertigo in 4, headache in 3, ear noise iii 2, syncope iM 1, and claudication of the arm in 17 patients. Transient attacks of paralysis (inionioplegia or hemiplegia) have not recurred since operation in 13 patients who had completely recovered from such attacks before operation. All patients with lesions of the great vessels arising from the aortic arch were completely relieved and the majority of patients wsith. lesions of the internal carotid or vertebral arteries were either relieved or significantly imlproved. In those patients in whom functional improvement did not occur, restoration of a pulsatile cerebral blood flow is considered likely to prevent progression of the disease. For example, bilateral internal carotid obstructions, icl(ompl)lete on one sidel and conmiplete oni the otlher, were present ill 4 of the patients in whom neurologic improvemient did not occur follows iingr therapy. The neurologrie deficit in these cases was of long duration and was due to the lesion producing complete obstruction. Cerebral function in these cases was dependent upon blood flow through the incompletely obstructed artery, since compression of the carotid on this side produced unconsciousness. In view of the progressive nature of the disease, eventual com-)lete obstruction was anticipated; conse-(nently, operation was directed toward the (colntralateral incomplete occlusion for prophylactic reasons.
The first patient in this series was operated upon a little over a years ago, and all cases have been carefully followed since discharge from the hospital with follow-up arteriograms being performed in most patients. The success achieved by operation has been well main- Occlusion of the great vessels arising on the aortic arch was manifested clinically by symptoms of arterial insufficiency of both the cerebrum and upper extremities and diminu-tion or absence of pulses in the neck or arms. The precise location and extent of occlusion in patients with internal carotid and vertebral artery occlusion was evident only by arteriography.
At operation 75 lesions were found to be segmental in nature with a normal extracranial segment, both proximal and distal to the obstruction. Employing endarterectomy in 37 well-localized lesions and graft bypass in 38 more extensive occlusions, circulation was restored in 72 arteries. From an anatomic standpoint circulation was restored in all cases with lesions in the great vessels arising from the aortic arch, 97 per cent of those with operable lesions of the internal carotid artery, and 60 per cent of those with occlusions of the vertebral artery.
Severe cerebral arterial insufficiency manifested by coma and extensive paralysis was present before operation in 3 of these cases. Although circulation was restored in one or more of the occluded arteries, brain damage was persistent and the patients' fatal terminal courses were unaltered. Death in the remaining cases was due to myocardial infarction in 2 and hemorrhage in 1 case.
The remaining 57 patients recovered and circulation was restored in one or all of the occluded vessels in 47 patients. All patients with lesions of the great vessels arising from the aortic arch were completely relieved and the majority of patients with lesions of the internal carotid and vertebral arteries were either relieved or significantly improved. These patients have been followed up to periods of over 5 years, and the success achieved by operation has been well maintained. ADDENDUM Since this article was submitted, operation has been employed in the treatment of an additional 61 lesions, making a total of 149. Of this number the internal carotid artery was involved in 93, the common carotid artery in 12, the innominate artery in 14, the subelavian artery in 21, and the vertebral artery in 9. All occlusive lesions involving the common carotid, innominate, and subelavian arteries were segmental in nature, and circulation was restored in all of them. The occlusive lesion was segmental in 83 
